The correlation between left to right ventricular (L-R) shunt fl ow and other hemodynamic changes was studied in 16 dogs with an acute ventricular septal defect (VSD) and normal pulmonary vascular bed. The interventricular shunt flow was measured directly with a specially designed electromagnetic flowmeter probe, where the area of the VSD was constant.
MATERIALS AND METHODS
Sixteen adult mongrel dogs, weighing 10 to 13Kg, were used. They were anesthetized by intravenous injection of 30mg/Kg sodium thiopental, and after insertion of an endotracheal tube, were ventilated with a tidal volume of 300ml with a positive pressure respirator (model B2, Igarashi Respirator). The heart and great vessels were exposed by midline sternotomy. A cylindrical cutter was introduced through a right ventricular purse-string suture and forced through the ventricular septum to create a perimembranous defect. A 6mm core of septal tissue was excised from the interventricular septum with the cylindrical cutter and then a specially designed flowmeter robe (6mm inner diameter, 8mm outer diameter, 10mm length, Nihon Koden) was promptly placed in the VSD as described previously.8) The VSD was easily opened and reclosed by a cap which was attached to threads running through the apex of the left ventricle and the free wall of the right ventricle, respectively.
The position of the cutter in the interventricular septum was critical, since it was essential that the aortic valve and the chordae tendineae of the tricuspid valve not be damaged.
A suitably sized flowmeter probe (lumen diameter 10mm or 12mm, change in the LVEDP (r=0.75) and the Rp/Rs ratio (r=-0.73). The change in L-R shunt flow was also correlated with the percentage changes in the mean AoP, Rs, mean PAP and Rp. The effect of Rp on the change in L-R shunt flow (slope=-2.2) was greater than that of Rs (slope=1.3), as determined statistically by regression analysis (p<0.01).
The percentage change in heart rate and the t-dP/dt were not correlated with the change in L-R shunt flow.
DISCUSSION
Quantitative data on shunt flow and the shunt flow pattern have been obtained by many methods, such as Fick's method, various indicator-dilution methods, cineangiography, echocardiography and use of the directional Doppler velocimeter. However, these methods are not sufficiently accurate and sensitive to obtain continuous data on quantitative shunt flow. To overcome these difficulties Mesel11),12) and Synhorst et al13) constructed a cannulating intracardiac transducer. The point of difference in the present procedure from that used previously11)-13) is the use of a cap on the intracardiac Jpn.
Heart J. fl owmeter probe that allows closing and reopening of the interventricular shunt.
The sudden presentation of a ventricular shunt caused an increase in mean PAP, Qp and LV EDP in this study. These results are consistent with the clinical findings in patients with acute ventricular perforation secondary to myocardial infarction or trauma.14),15) The relative change in the LVEDP was found to be correlated with change in L-R shunt flow in the present work. The left ventricular end-diastolic volume could also be expected to be correlated with L-R shunt flow, because augmentation of Qp would increase the left atrial volume and left ventricular end-diastolic volume.16),17) The increased left ventricular diastolic pressure and volume might cause an augmentation of the diastolic transseptal flow and pulmonary flow in the resence of intact ventricular function. This study also indicates that the changes in Rs and Rp were correlated with that of L-R shunt flow. Abrahamsen et al18) showed that injection of tolamine, isoproterenol and isosorbide dinitrate can decrease L-R shunt fl ow. 2),7),21) These previous findings and this present paper indicate that L-R shunt flow depends primarily on Rs and Rp. Moreover, this study showed that the change in Rp has a greater effect on L-R shunt flow than does a change in Rs. Moreover, Rp should play a more important role in patients with high Rp.
On application of Gorlin's formula to data obtained in the present study, L-R shunt flow should be directly proportional to the square root of the mean pressure difference between the two ventricles (r=1, slope=1), since the area of the ventricular defect was constant in this study. However, the correlation coefficient and slope in this study were only 0.60 and 0.58, respectively. These results indicate that the square root of the mean pressure difference between the two ventricles is not an accurate measure of the mean interventricular shunt flow velocity. This may be because the square root of the mean pressure difference is not the same as the mean of the integral of the square root of the instantaneous pressure differences between the two ventricles. Another possibility is that the pressure-flow relation between the two ventricles is affected by not only their pressure difference but also by the ventricular volume and properties of the muscle such as cardiac contractility and elasticity.
The correlation between cardiac contractility and interventricular shunt fl ow has not been studied. An ideal index for assessing cardiac contractility should not be affected by changes in heart rate, preload or afterload, and should reflect only the inotropic state of the myocardium. No such ideal index has been found for patients with VSD. T-dP/dt, an index of cardiac contractility, was not correlated with L-R shunt flow in this study. And, while it remains unclear as to how positive inotropism affects L-R shunt flow, isoproterenol has been used as an emergency measure to increase contractility in infants with VSD and severe heart failure.3) Increase in cardiac contractility may augment Qs with a decrease in L-R shunt flow and improve the filling pressure of the left ventricle in those patients with a VSD and congestive heart failure. It is concluded from the present work that L-R shunt flow in patients with VSD is changeable, and depends on many hemodynamic factors, such as the LVEDP, Rp/Rs ratio, Rs, Rp and the square root of pressure difference between the two ventricles, but not on the heart rate or t-dP/dt.
